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SUMMARY
Times required to detect a simple display were measured following g
E ' - exposure to adapting flashes of different durations but equal inte-

grated luminances. The results indicate no consistent variation in
. response tiies as a function of flash duration when the total inte-

grated luminance of the flash is constant. The variations which do

occur are interpreted as indicating that a strict reciprocity rela-

tionship does not apply at very short adapting flash durations. ?
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INTRODUCTION

The occurrence of an unanticipated intemnse flash of light in
the visual field will result in some visual exposure even though a
protection device may be worn. That exposure will temporarily reduce
visual sensitivity or cause flashblindness, as that reduction in sen-
sitivity has been called. The response times of proposed flashblind-
ness protective devices have ranged from a few microseconds to sev-
eral milliseconds. The great difficulty encountered in devising a
protective device which is capable of producing densities of 3 or
more within a few microseconds following the onset of a high inten-
sity light flash warrants careful assessment of the relationship
between the duration of a flash and the extent of visual incapacitation
produced. Data reported several years ago (2,3) suggested that the
reciprocity relationship described by Block's Law did not apply to
adapting effects of flashes in the microsecond range. Block's Law
stated mathematicallyis L - t =C where L is the flash intensity, t
is the flash duration and C is a constant when t < te the critical
duratien (1).
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In general, for effects near threshold, it has been found that the
strict reciprocity relationship applies below a critical duration, the
maximum of which is about 10C milliseconds. For longer durations, the
relationship does not hold, and for durations longer than approximately
one second, the threshold effects are independent of duration. Except
for the suggestion of an adapting flash reciprocity failure at very short
durations, referred to earlier, the intensity-duration reciprocity re-
lationship described for threshold effects applies to the adapting ef-
fects of high intensity flashes.

The earlier studies (2,3) :.ere designed to examine flash effects
other than the reciprocity rel:z*ionship. The suggestion in those data
was that adapting effects produced by high intensity flashes shorter than
cne millisecond did not follow the reciprocity predictions, and that
variations in duration produced variations in adapting effects even when
the total integrated energy in the flashes remainea constant. The pre-
sent study was undertaken to examine the adapting effects of high intensity
flashes of light of equal integrated luminances but different durations,

MATERIALS AND METHODS
Apparatus

A schematic diagram of the apparatus is shown in Figure 1. The
adapting flash is provided by the xenon flash lamp, XL. After passing
through the collecting lens, L., and the collimating lens, L., the beam
is converged by L, at the aperture A.., The beam is directed on to the

rotating mirror shutter, RS, by the mirrois M1 and M2. The mirror M3
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Figure 1. Apparatus schematic diagram.
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directs the beam through L,, where it is again collimated. The beam
is converged by L. at the ﬁperture, , after nassing through the fil-
ter F,, The speeé of rotation of RS #hich was controllable and the
size of the aperture A, determine the duration of the adapting flash.
The lens, L , again coilimates the beam, and places an image of the
area between L, and L. in front of the ocular of the system E, which
was mounted in’the wail of a light-tight chamber. To the eye of the
observer positioned at EP by a dental impression bite plate, the last
lens of the ocular is seen in Maxwellian view and appears as a sixty
degree field of view when no field stop is placed between L4 and LS'

The gaze of the observer is directed by a small red fixation cross,
FC, a clear cross on an opaque screen, transilluminated by light from a
tungsten filament lam, T,. The chromatic composition of the light of T1
is controlled by ar inter}erence filter, F2, which is placed in a col-
limated portion of the beam between L, and”L,. The shutter, S., con-
trols the time of presentation of the fixatidon cross. The beam is
collimated by L. , passes through the fixation cross, and is converged

"by L., at the aperture A, . L. again collimates the beam and places an

image of FC in front of the ocilar,

The visual display, or target, consists of a grating pattern, G,
of parallel opaque lines separated by clear spaces equal to the lines.
The grating is mounted in the system so that it can be oriented either
horizontally or vertically in the view of the observer. The grating is
transilluminated by light from the tungsten filament lamp T2 which passes
through the collecting lens, L 3 the collimating lens, L.,, neutral den-
sity filters, F,, and is converged at A. by Lic. The shu%%er, S., con-
trols the duration of presentation of tﬁe disp?ay. The mirror M% di-
rects the beam through the lens L. which collimates it before ié passec
thrcugh the grating and field stop, FS. The grating is located relative
to L., so that its image is seen by the observer at a distance of 22.5
incheés. The one degree area subtended by the display is controlled by
the field step. The beam then passes through L17, A6 and L1 which are
identical to L., A, and L_. The fixation cross is positioneg so that
it is the centér o% the 68 degree area of the adapting flash, at the
left edge of the Jisplay grating, and at a viewing distance of 22.5 in-
ches which requires an accommodation of 1.75 diopters.Thus, the display
grating stimulates a one degree foveal area centered 30 minutes nasal tc
the center of the fovea along the horizontal meridian. The pellicie beam
splitters, B, and B,, combine the beams entering the ocular sc that the
observer sees one visual field composed of a fixation cross, a display
grating and an adapting flash at the proper intervals and in the pro-
per spatial relations as shown schematically in Figure 2,

The stimulus sequencing, grating orientation, luminance variation,
flash duration and data recording are controlled automatically by a
programmable digital logic system shown schematically in Figure 3. The
observer controls consist of a foot switch, FS, which is used to ini-
tiate a trial sequence and two response buttons, R, which are used to
indicate target detection and orientation. The electro-mechanical
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Figure 2. Schematic diagram of the visual field.
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controls consist of two shutter controis, S, and 5,, which effect the
presentation of the fixation cross and display gra%ing, two filter
positioning motors, F, and F,, for the filters which control the display
luminance, a sterping motor,”G, whilh positions the display grating in
either a vertical or horizontal orientation and a relay, A, which
effects the opcration of the xenon flash lamp. The timer. T, provides

a measur~ of the observer's response time.  Sequencing of the oper-
ation of the electro-mechanical devices and inputs to the data recording
portion of the apparatus, are mediated by the digital logic system. The
data which were recorded on paper tape were iesponse correctness, time
and number, f€ilter wheel positions which determined the display luminances
and grating orientation.

CALIBRATION

The luminances of the adapting and display fields were czlculated
from the spectral irradiances measured vith an EG&G model 580/585 spec-
troradiometer. The spectroradiometer was positioned at the ocular of
the optical system and the irradiances of the fieids were measured at
10 nanometer intervals betweenr 350 and 75C naznometers. The illuminances
at the spectroradiometer were calcualted using the ICl1 Standard Observer
luminosity data, and the luminances of the last lens of the ocular were
calculated for the two fields. The maximum luminance of the display
field was 4.11 log millilamberts. The peak luminance of the adapting
field was 8.58 log Trclands.

Five adapting field durations were used in the experiment. The
durations were controlled by the speed of rotation of the rotating
mirror shutter. The trigger for the flash lamp was sychronized with
the position of the mirror so that for four of the five durations, the
flash presented to the observer was chopped from the flat portion of
the flash lamp emission. The fifth duration was the unshuttered flash
lamp emission. Each flash was monitored by displaying the light from
the flash lamp before and after the rotating mirror shutter on a Tektronix
564 storage oscilloscope. The photodetector for the "before' monitor
is shown at D, and for the "after" monitor is shown at D, in Figure 1.

A typical traCe is shown in Figure 4. ‘the D, photodetector output was
also displayed on a Hewlett-Packard 141B stofage oscilloscope and the
duration of each flash presented to the observer was measured. The

data fer any trial on which the duration deviated from the desired
duration by more than ¢ 1.5% wers discarded. The durations of all
flashes vere measured at one-half peak amplitude. A typical oscilloscope
trace for a one millisecond duration flash is shown in Figure 5.

Neutral! density filters were used to control the luminances of both
the display and adapting fields. All filters were calibrated in the
groups as they were constituted to provide field luminances with a
Macbeth Illuminometer and on a Perkin-Elmer Spectrophotometer. The
densities of the display filters and the dispiay luminances are shown in
Table 1, Densities of the adapting field fiiters and the integrated
adapting field luminances are shown in Table 2.




-
a

a0 |

Figure




Figure 5. CRC tracing tor a one millisecond duration flash.
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Table 2

Experimental Design

Adapting Adzpting Flash Integrated Luminance
Flash Duration Log Troland-Sec.
uSec. 0 4.58 4.98 5.28 5.58
0 A {controi - no flash)

100 B

250 C (0.4)*}| D

500 E (0.7) F (0.3) G

1000 H (1.0) I (0.6} J {0.3) K

8500 L (i.9) M (1.5) N (1.23) 0 (0.93) |

Experimental Condition

*Filter Density

[

and Adapting Flash Filter Density
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PROCFDURE

Table 2 presents the fifteen conditions including the control con-
dition, that were investigated. The four constant It flash conditions
that were investigated were 4.58, 4.98, 5.28 and 5.58 log Troland-seconds.
These four conditions were produced by presenting to the observer five
flash durations filtered to the fourteen luminances, No flash was pre-
sented in the control condition, The 4.58 Log Troland-second adapting

. flash condition was produced by presenting flash durations of 100, 250,
500, 1000 and 8500 microseconds filtered with densities of 0, 0.4, 0.7,
1.0 and 1.9 respectively. The other It conditions were produced in like
manner, as specified in Table 2. For all conditions, display gratings
filtered to five luminances were presented. These display luminances are
shown in Table 1.

Data were collecteu for one or two conditions during each experi-
mental session, At the start of a session, the observer, 0, was seated
in a light-tight chamber and allowed to dark adapt for thirty minutes.

A buzzer alerted the 0 at the completion of this adapting period. At

the same time, a fixation cross was presented at the ocular. By means
of a dental impression bite board, the O positioned himself at the

ocular and fixated on the cross. When he was properily positioned and
accommodated, he pressed the foot switch which was followed by the pre-
sentation of the flash and a display grating immediately afterward. The
0 was required to determine the horizontal or vertical orientation of the
grating and to respond by pressing the proper button on the hand switch.
As soon as a response was made, a shutter closed the display grating from
the 0's view. The filter condition was changed and a pre-set random
coder determined the next display grating orientation. The display
shutter reopened and the 0 was again presented with a display grating to
which he responded. This sequence was repeated five times with each dis-
play dimmer than the preceding one. Following the fifth response, shutters
closed from the 0's view both the fixation cross and the display grating
and the timing circuit ctarted a five minute readaptation period. At

the completion of the readaptation period, the buzzer sounded and the
entire sequence of the flash presentation followed by five display tar-
gets was repeated. A completed experimental condition consisted of ten
fiash-target sequences for a total of fifty responses. To avoid fatigue
all experimental sessions lasted a maximum of two hours including the
thirty minute dark adaptation period. Complete data were collected for
three observers,

RESULTS
The median response times for each observer in each experimental

condition are shown in Table 3. The response timer was triggered by the
leading edge of the adapting flash detector (02 in Figure 1) output.

11
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The response times, therefore, are measured from the start of the adapt-
ing flash.

The median response times for all observers in each adapting flash
integrated luminance condition and to each display lueinance are pre-
sented graphically in Figures 6 through 9 to show response timc as a
function of adapting flash duration. 7%hese data show that the response
times to each display level are longer in every adapting flash condi-
tion than in the control conditicn in which no flash was presented, that
the response times are leonger wher the total integratea flash luminance
is high, and that there is no obvious consistent difference in respons2
time as a function of adapting flash duration when the total integrated
luminance of the adapting flash is constant.

In a further attempt to assess experimental effects, an Aralysis of
Variance was performed on the data for conditions E through J and L through
N. The B, C, B, K, and O conditions were not included because of the im-
balance in the overail design when the 100 and 250 microsecond durations
and the 5.58 log Troland-sccond integrated luminance were included. The
Anzlysis of Variance Summary Table is presented in Table 4, This analy-
sis supports the relationships shown in Figures 6 through 3. The response
time differences as a function of flash integrated Juminance and target
luminance are significant a* the {.01 levei. There is no significant
difference in response times as a function of flash duration. The only
significant effect which is not obvious in the graphic presentations in
Figures 6 through 9 is the two-way interaction involving flash integrated
luminance and flash duration. That interaction is significant at the 0.05
level. The data foi tiie two dimmest targets have been plotted in Figures
1C and 11 to show response time as a function of adapting flash duration
with It constant. The points connected by solid lines represent data in-
cluded in the Analysis of Variance while those connected by broken lines
were not included in the Analysis. 1n every case but cne, the response
time is longer following the one millisecond flash than foilowing the
8.5 millisecond flash, and then is shorter for one or more :f the shorter
duration flashes. This irregular interaction may account for the absence
of any direct flash duration effect, and may also be the factor which led
to earlier interpretations of data as indicating a failure of reciprocity
in zdapting effects of high intensity, short duraticm flaskes of light
2, 3).

D1SCUSSION

The data reported above indi-ate that while a strict reciprocity re-
l1ationship between adapting effects of short duration flashes may not
apply, the interaction between the total luminance and the duration of a
flash is a complicated one. The overall response differences, regard-
less of direction, for different flash durations is small. The combina-
tion of these two factors, complex lt-t interaction and small duration
effects, indicates that protection device closure times should be ceter-
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Figure 6. Response time as a function of adapting flash duration for
the 4.58 log Troland-second integrated flash luminance.
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Figure 9. Response time as
the 5.58 log Trol

a function of adapting flash duration for
and-second integrated flash luminance.
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Figure 10. Response time as a t :nction of adapting flash duration for
the -0.74 display luminance. Broken lines connect points
net included in the Analysis of Variance computations.
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Figure 11. Response time as a function of adapting flash duration for
the -0.24 display luminance. Broken lines connect points
not included in the Analysis of Variance computations.
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Table 4
Analysis of Variance Summary Table

Source of \iariance df F
Flash It (It} 2 158,48 **
Target (T) 4 736,03 **
Flash Duration (D) 2 0.83
It xD 4 3.15 *
TxD 8 1.49

It x T 8 14 .52 **

It xDxT 16 0 .74

f Error 90

‘_ ** p < 0,01
*P < 0,05
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mined on a basis other than a general principal regarding the effects of
faster closure times. From 2 practical point of view, planners must
consider the characteristics of the critical flash source combined with
the proposed characteristics of a protective device and determine the
efficacy of the proposed device characteristics on the basis of the effect
of the potential flash to w‘uch a device wearer will be exposed.

WIS

. From a theoretical pomt of view, the results reported here raise
some  interesting questmns regarding the effects of very short supra-
threshold flaskes of light on the eyes. The existence of complex rela-
tionships between response time and flash duration is supported by elec-
trophysiological data from this laboratory (4). The electrophysiolog- H
ical response to adapting flashes identical to some of the flashes used
in the present experiment also showed some ambiguity as far as interpre-
tation in light of the Bunsen-Roscoc or Block's Laws is concerned. In
the eiectrophysiological results, both the ERG a-and b-wave amplitudes ¢
were constant for constant Its, but the latency of the b-wave decreased :
markedly for shorter durations. One question raised in the interpreta- §
tion of the ERG data (4) is applicable to the present results; that is
the question regardlng the relatively low total energy levels at short
durations.

The psychophysical data reported here and the electrophysiological
data of Rosenblum (4) iend credence to the conclusions that a strict re-
ciprocity relationship does not apply at very short adapting flash du-
rations, and that the relationship is 2 compiicated one.
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